NTERIOR cervical corpectomy, a procedure designed to decompress the spinal cord, is usually effective in the management of cervical myelopathy secondary to longstanding DDD. It has the advantage of allowing a thorough decompression, including the resection of osteophytes, and also improves fusion rates in cases in which multilevel decompression is needed. 8 Spinal reconstruction is traditionally performed by placing a strut bone graft. Various strut grafting techniques have been described including a tricortical autogenous iliac crest bone graft or a fibular strut (autologous or allograft). Tricortical autogenous iliac crest bone graft is most often used after a corpectomy of one or two levels, whereas autogenous fibular grafts may be required for reconstruction after corpectomies of more than two levels. The structural stability of the cervical spine may then be supplemented with various anterior plates or with external immobilization devices. To avoid low fusion rates associated with allograft use and donor site morbidity due to autograft harvesting, vertical titanium mesh fusion (Harms) cages have been used to replace the resected VB.
Spinal reconstruction is traditionally performed by placing a strut bone graft. Various strut grafting techniques have been described including a tricortical autogenous iliac crest bone graft or a fibular strut (autologous or allograft). Tricortical autogenous iliac crest bone graft is most often used after a corpectomy of one or two levels, whereas autogenous fibular grafts may be required for reconstruction after corpectomies of more than two levels. The structural stability of the cervical spine may then be supplemented with various anterior plates or with external immobilization devices. To avoid low fusion rates associated with allograft use and donor site morbidity due to autograft harvesting, vertical titanium mesh fusion (Harms) cages have been used to replace the resected VB.
The clinical outcome and fusion status after single-level cervical corpectomy are usually excellent. The efficacy of this surgical modality when it involves multilevel corpectomies is more problematic and less predictable. Vaccaro, et al., 18 reported a high rate of early mechanical failure when they compared three-and two-level corpectomies (50 and 9%, respectively). In 249 cases treated with corpectomy, similarly Wang and colleagues 19 concluded that a greater number of resected VBs and a longer-length graft are directly related to an increased incidence of graft displacement. Mechanical failure can occur not only after autograft or allograft fusion but also when titanium mesh cages are used. Hee, et al., 7 reported a series of 21 patients who underwent multilevel cervical corpectomies that were reconstructed with Harms cages and anterior plates. In 19% of the patients plate-related complications developed. The authors recommended supplemental posterior fixation in cases in which more than two corpectomies were per-formed. Other solutions to the mechanical problem involve postoperative halo immobilization or posterior expansive laminoplasty instead of anterior decompression. 10 If a four-level disc decompression is required, this can be achieved using a three-level corpectomy. The same number of disc spaces can also be decompressed using a two-level corpectomy (and adjacent discectomies), one vertebra on each side of the decompression area, leaving an intact VB in the middle of the decompressed area (Fig.  1) . Leaving the middle VB intact increases the inherent mechanical stability of the postdecompressed cervical spine and also enables a stronger more stable mechanical reconstruction. It also shortens the mesh cage height, thus reducing rotational moments imposed on the implant-vertebra interface. This will certainly result in increased mechanical stability. We have performed this technique since 1999, which we nicknamed hybrid decompression fixation. Edwards, et al., 5 proposed a similar approach. In the present study, we report our clinical experience with this surgical technique. To the best of our knowledge, this is the first clinical report of the hybrid technique. Preliminary results have been previously reported. 
Clinical Material and Methods
We retrospectively reviewed data obtained in 25 patients with multilevel CSM secondary to DDD, who underwent surgery involving the hybrid decompression fixation technique during a 4-year period. All patients presented with typical myeloradiculopathy secondary to DDD. There were 19 men and 6 women whose mean age at surgery was 63 years (range 46-83 years). Neuroimaging revealed evidence of multilevel cord compression due to a combination of "soft" and "hard" components. In 18 of the 25 patients there was evidence of myelomalacia on the MR images. Myelopathy was graded according to the Nurick Scale (mean Grade 3, range 1-4; Table 1 ).
All patients underwent anterior cord decompression, instrumentation-based fixation, and fusion. During most procedures continuous somatosensory and motor evoked potential responses were monitored. Fluoroscopy was used during all procedures. Twelve patients underwent three-level surgery and 13 patients four-level surgery. A total of 88 disc levels were decompressed. In cases involving three-level surgery, patients underwent a single-level corpectomy, adjacent discectomies, and additional single-level discectomy (Fig. 2 left) . In cases involving fourlevel surgery, patients underwent a two-level corpectomy and adjacent four-level discectomies, leaving a vertebral bridge in the middle (Fig. 2 right) . For adequate decompression during the corpectomy, the central portion of the VB was resected, leaving small lateral edges of the vertebra intact (avoiding the vertebral artery; Fig. 3 ). In this technique, a Casper osteophyte remover is passed behind the intact VB both cranially and caudally to ensure adequate removal of the osteophyte. In all cases, patient instrumentation included titanium mesh cages and additional disc cages. Titanium 12-mm vertical mesh cages (DePuy Spine, Inc., Raynham, MA) and horizontal titanium or carbon fusion cages were packed with autologous local bone taken from the corpectomy site and supplemented with an anterior dynamic plate (DOC rod platform; DePuy Spine) to allow for postoperative subsidence. The plate was always attached with two screws to the intact vertebra within the bone decompression area. Operative time ranged from 2.0 to 4 hours (mean 2.5 hours). Hospital stay ranged from 3 to 7 days (mean 3.4 days). Patients were immobilized in a Philadelphia collar at the completion of surgery before extubation. After postoperative radiography confirmed proper cage, plate, and screw anchorage, the patient wore the collar only at night and during car travel for additional 8 to 10 weeks. At final follow-up examination, patients underwent flexion-extension radiography in the instrumented area and an independent observer examined any motion; particular attention was given to changes in interspinous distance demonstrated on flexion and extension radiographs. Additionally, the independent observer documented the presence of osseous fusion between the instrumented vertebrae. Any evidence of instrumentation failure was noted. Preoperative and postoperative Nurick grades were determined to measure myelopathy in all patients.
The nonparametric Wilcoxon test was used to analyze the difference in pre-and postoperative Nurick grades. Statistical analysis was performed using SPSS, (version 11.0; SPSS, Inc. Chicago, IL) with a 5% significance level. All patients used a VAS to grade their neck and extremity pain. . The same number of disc space decompressions can be also acheived by a two-level corpectomy (and adjacent discectomies), one vertebra on each side of the decompression area, leaving an intact VB in the middle of the decompressed area (right). Leaving the middle VB intact increases the inherent mechanical stability of the decompressed region and also enables a stronger more stable mechanical reconstruction.
Results

During
operative Day 2 following aspiration pneumonia. After extubation neurological deterioration was noted. He was unable to walk with a cane, requiring a walker instead. Neuroimaging demonstrated adequate spinal cord decompression. Three patients experienced transient deltoid weakness (two unilaterally and one bilaterally) that appeared several days after surgery and resolved completely within several weeks. At final follow-up examination, neck pain resolved completely in 12 patients and arm or radicular pain in 12 patients. Eight patients experienced neither neck nor extremity pain. Thirteen patients complained of residual neck pain (mean VAS Score 4.6). Likewise 13 patients complained of residual arm or radicular-type pain (mean VAS Score 5.1). The mean preoperative Nurick grade was 3, whereas the mean postoperative grade was 2.6 (p Ͻ 0.05, nonparametric Wilcoxon test). A pronounced improvement in the Nurick grade was observed in seven, a one-grade improvement occurred in four, and a two-grade improvement was documented in three patients (Table 1) .
In one patient early mechanical failure of the construct occurred, and this was successfully managed by additional anterior surgery. At the end of the follow-up period, radiography revealed osseous fusion in 24 patients. Bone trabeculae were seen connecting the instrumented vertebrae, particularly anterior or posterior to the vertical mesh cages. 3 No interspinous distance change was observed on flexion-extension radiography. The fusion status could not be determined in one patient; although bridging bone trabeculae were not seen between the instrumented vertebrae, no change in interspinous distance was observed on flexion-extension radiography. No evidence of late instrumentation failure observed in any of the 25 patients was documented. A normal lordotic spinal posture (22-30°) was documented in 21 patients, a reduced lordosis (10-15°) was observed in three patients, and a true kyphotic posture was demonstrated in only one patient. 6 
Discussion
The optimal surgical procedure for multilevel cervical myelopathy remains controversial. Anterior decompression and fusion is the most common surgical option today. Bone graft donor site morbidity and mechanical failure, however, are common complications. Posterior procedures are associated with significant postoperative axial pain and are contraindicated in the presence of a kyphotic cervical spine. Hee, et al., 7 reported a 19% incidence of plate-related problems in multilevel corpectomies (four of 21 patients). They also noted an increased incidence of graft migration with fusion extending to C-7. Saunders, et al., 15 reported a 9.7% incidence of graft problems in patients who underwent four-level corpectomies. Postoperative halo immobilization or posterior plate fixation (anterior decompression and fusion as well as posterior instrumentation) have been proposed to avoid construct failure following multiple anterior corpectomies. 10 Reporting on multilevel corpectomies reconstructed with fibular allograft and halo vest external fixation, Macdonald, et al., 10 documented neurological improvement in 47% of patients with cervical myelopathy, noting that the risk of complications increased as more levels were decompressed.
Instead of using long autografts or allografts, we prefer to reconstruct the spine with Harms titanium mesh cages packed with local corpectomy site-derived and supplemented with an anterior plate. This obviates the need to harvest a rather large bone graft. The Harms cage provides immediate axial stiffness and stability. Despite the use of an anterior buttress plate, rotational instability is still possible and may result in construct failure. Our hybrid decompression fixation technique allows multilevel anterior decompression, avoids bone graft donor site morbidity, and provides a basis for stable mechanical reconstruction. In our experience construct failure has been uncommon (a rate of 4%). Even in the single case in which early mechanical failure occurred (due to improper cross-bar placement in the DOC platform), the revision was performed in the same fashion as the index procedure, and construct stability was achieved without the need for supplemental posterior fixation or halo immobilization. Our hypothesis has recently been corroborated by Singh, et al., 16 by using in vitro mechanical testing; they found that hybrid decompression fixation provides greater stability than the routine multilevel adjacent corpectomies. In addition, the hybrid technique enables reliable reconstruction of the sagittal alignment.
One could argue that reconstruction of a two-level corpectomy (performed in 13 of our 25 patients) almost always confers mechanical stability. In reality our 13 patients had undergone a four-level decompression and, in other hands, would have undergone a three-level corpectomy.
It is our belief that the routine use of a dynamic anterior plate is important because with the hybrid fixation tech- Settling was usually observed on the 1st or 2nd postoperative day. Several authors have evaluated the efficacy of these dynamic plates. In the studies by Brodke, et al., 2 and Reidy, et al., 12 dynamic cervical plates shared load more effectively than the locked plates, particularly when grafts were undersized; however, the advantages of these plates has not been clinically established.
The greater number of graft-endplate interfaces did not increase the incidence of pseudarthrosis and fusion rates remained high. Other clinicians have also observed high fusion rates when using titanium mesh cages. 4, 11 Thalgott, et al., 17 as well as Hee, et al., 7 recommended additional posterior stabilization in elderly patients with osteoporosis undergoing multiple corpectomies. Thirteen of our patients were 65 years of age or older (mean age 71 years), yet we observed no mechanical failure in any of them.
Three patients (12%) experienced transient deltoid weakness that appeared several days after surgery and resolved completely within several weeks. Similar cases have been previously reported. 13 Sakaura, et al., 13 proposed several pathological mechanisms for this phenomenon. Although reliable evidence is not available for any of the proposed mechanisms, we believe that postoperative tethering of the C-5 nerve root may result in palsy. Root tethering occurs as the spinal cord shifts in relation to the nerve root, with anchoring of the root origin at the uncovertebral joint and/or the superior facet. 13 The mean incidence of this complication following anterior surgery is 4.3% (range 1.6-12.1%) and most patients with C-5 palsy experienced neurological and functional recovery. 13 It should be noted that in patients who have undergone multilevel decompression a higher incidence of C-5 palsy has been observed by Sakaura, et al., 13 commenting on the work of Ikenaga, et al. 9 In our experience C-5 root palsy, alarming as it may be, has an excellent prognosis, and complete resolution of the motor weakness can be expected.
Nurick grades were significantly improved in seven patients, improved by one grade in four and improved by two grades in three. If we consider that in many patients with longstanding multilevel CSM surgery is indicated mainly to arrest the deterioration of cord function rather than to attain neurological improvement, then the goals of surgery were successfully achieved in the majority of our cases.
Conclusions
In light of our results, we therefore conclude that the hybrid decompression fixation technique is a safe and efficient procedure that allows multilevel anterior decompressions when managing multilevel CSM. This technique obviates the need for staged circumferential procedures even in the elderly patients with osteoporosis.
